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Abstract 
The ultracold neutron (UCN) source at the Paul Scherrer Institute (PSI), Switzerland has started full beam operation in mid 
2011. Since then, continuous improvements have led to an UCN intensity increase by about a factor of 80 in comparison to first 
beam on target. UCN delivery to two beam ports is now operating on a regular basis, with e.g. about 17 million UCN delivered 
to one experiment over the first 200 s with every 4 s long beam pulse operated in a 480 s interval. 
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1. Introduction 
The Paul Scherrer Institute (PSI) operates a 590 MeV proton accelerator with up to 2.4 mA proton beam current 
corresponding to 1.4 MW beam power. In addition to muon and pion production for particle and solid-state physics 
experiments at target E and neutron production at the SINQ facility, this high intensity proton beam is used at the 
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ultracold neutron (UCN) source [1]. There neutrons are produced via proton-induced spallation of lead nuclei. The 
neutrons are subsequently thermalized and finally cooled below energies of 300 neV using solid deuterium. They 
serve fundamental physics experiments, most prominently, the search for a permanent electric dipole moment of 
the neutron [2], an experiment which started data taking in 2012.  
The planned proton beam at the ESS will be higher in intensity and beam energy, hence a UCN source could be  
an option to foster fundamental physics research at the ESS. 
2. Production of ultracold neutrons at PSI 
The production of UCN at PSI [1] can be described using the simplified 3D view of the source setup, showing 
the 7 m high tank system with the most important parts in Fig. 1. The full intensity proton beam (1) − 1.5×1016
protons/s − impinges for up to 8 s onto the spallation target (2) built out of 760 lead-filled Zircalloy tubes [3]. 
Subsequently, neutrons are thermalized in the surrounding ultraclean heavy water (D2O) (3) operating at a 
temperature of ~300 K. This water is also used to cool the 
spallation target. Solid deuterium at 5 K inside the D2 vessel 
(4) allows further cooling of the neutrons, resulting in a cold 
neutron flux of a few times 1013 n/cm2/s [4]. These neutrons 
are finally down-scattered to become ultracold via phonon 
interaction with the solid D2 [5]. The deuterium filling line 
and the cooling lines for supercritical helium at 4.5 K pass 
through the central tube (10). 
UCN can leave the D2 crystal, gaining ~100 neV in energy 
due to the D2 crystal potential [6]. The UCN emanating at the 
top lose this boost energy in the 1m rise in the vertical guide 
(5) and enter the ~2 m3 large UCN storage vessel (7) coated 
with diamond-like carbon (DLC). The big shutter (6) is 
closed at the end of the beam pulse and then UCN can be 
confined. The central tube, the big shutter and the guide 
shutters are all DLC coated.  
A cryogenic shield at 80 K (11) cools the storage vessel. 
A large cryo pump (8) on top is the coldest part in the system 
and serves to attract rest gas atoms and molecules. The 10-6
mbar vacuum at 300 K improves by more than one order of 
magnitude when the source is cold. The ~5 m thick biological 
shielding made from iron and concrete is penetrated by three 
UCN guides (9) which can be opened on demand with 
butterfly-valves and then guide UCN over ~8 m towards the 
two experimental areas. The guides are mostly made from 
borosilicate glass tubes with an inner diameter of 180 mm. 
The first meter connected to the storage vessel is made of 
stainless steel and serves as thermal bridge from room 
temperature to the ~80 K of the storage vessel. 
Federal approval for full beam operation for the PSI UCN 
source was received in June 2011. 
Fig. 1: Drawing of the PSI UCN source: the tank system with the most 
important parts.  Several support systems are located outside of the tank 
system and not shown here: the cryo-system for D2, the heavy water system, 
all D2 tanks, guides with beam ports, the proton beam line up to the 
spallation target.
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3. Beam operation with UCN delivery 
A typical beam pulse operation scheme for the approved 1% duty cycle is depicted in Fig. 2a. A 7 ms pilot 
beam pulse with full beam current tests if the beam is correctly centered along the beam line towards the UCN 
target. 10 s later the full beam hits for up to 8 s followed by the required waiting period with standard beam 
operation to target E and SINQ. At the end of the main beam pulse the storage vessel shutter is closed and the 
UCN are stored. The lower blue curve shows the schematic time dependence of the UCN intensity at a beam port 
from this operation. The observed behavior is shown by the UCN rate measurement in Fig. 3. A 2D-200 Cascade-
UCN detector [7] was directly connected to beam port W-1 and measured the arriving UCN rate over an entire 
beam pulse of 4 s length. Clearly one observes the rate increase during the beam pulse, the closing of the shutter 
and the decrease of the rate during storage vessel emptying.  
Fig. 2: a) The upper line shows the time structure of the proton beam to the UCN target at 1% duty cycle. The lower curve shows the 
corresponding expected UCN density in the storage vessel, the decrease is showing the emptying of the vessel, which is reflected in the UCN 
intensity observable at the beam port. b) PSI accelerator status display during UCN source operation showing 12 hours of continuous UCN 
beam pulses of 4 s every 480 s, indicated by the red bars (with height at 1.5 mA for better visibility); this was one nEDM operation mode in fall 
2012. Note the impressive constant proton beam current of 2.2 mA over 12 hours. At ESS a corresponding picture would - with the present 
design values - show 2.86 ms long beam pulses every 0.0714 s. 
Fig. 3: UCN rate observed for 680 s at beam port West-1 with a 
6 s beam kick. The 7 ms pilot pulse already produces UCN. The 
slope reflects the emptying time of the storage vessel with one 
guide-shutter open. The change in slope when the big shutter is 
closed is visible in the insert. In total more than 20 million UCN 
were delivered to an experiment with beam pulses of 6 s duration 
every 600 s. Note that the 7 ms pilot pulse is ~3 times longer in 
comparison to a beam pulse in the planned ESS operating mode. 
The proton beam intensity for one of the nEDM data taking days is shown in Fig. 2b. Employed long term beam 
operation modes were 3 s pulses every 360 s, 4 s pulses every 480 s, and 6 s pulses every 720 s. UCN beam tests 
included also beam pulse length variations between 7 ms up to 7800 ms and beam current variations between 0.1 
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up to 2.4 mA. Also continuous mode operation with beam currents of about 10 μA was tested for characterization 
purposes, yielding a 6 kHz continuous UCN rate in a typical UCN energy range between 50 and 230 neV. 
In order to determine the UCN density delivered to an experiment we have performed a UCN storage 
measurement in a 25 liter mock-up storage vessel at beam port W-1. It is made from a glass tube with inside 
diameter 180 mm and length 1000 mm, coated with NiMo with surface potential of about 220 neV. Neither the 
shutters nor the vessel itself were optimized for a storage measurement. The detector [7] was at beam height with a 
100 μm thick AlMg3 entrance foil with a measured UCN transmission of ~0.7. Correction for the foil transmission 
and extrapolation to time = 0, i.e. to 0 s storage time, results in an unpolarized UCN density of 34 UCN/cm3 in this 
25 l vessel with a 8 s long filling time and at 2.2 mA proton beam current regularly available to experiments 
(Status March 2013). 
4. Ultracold neutrons at the ESS    
The installation of a source for ultracold neutrons at the ESS would certainly foster experiments on fundamental 
symmetries and interactions, and on the fundamental properties of the neutron. A design with a dedicated UCN 
spallation target would certainly be wishful but cost-intensive. Hence, using the neutrons close to the ESS primary 
spallation target seems to be the most promising option. 
Clearly, while several new UCN source projects are under construction worldwide or already running, operating 
experience has to be gained in order to push these sources up to design intensities. Because of the low neutron-
capture rate in helium a 4He-based UCN source [8] could be well adapted to the low effective duty cycle of the 
ESS pulsed beam. A D2-based source with an intermediate UCN storage vessel and a vessel-shutter opening 
sequence matching the beam-pulse timing could also be a competitive option.  
As a final design of an UCN source at the ESS is not expected soon, it is clear that a through-going beam pipe 
would be a versatile option, with 2-side access, allowing a service/filling/cooling access on one and the UCN 
extraction on the other side.  
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